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included age, HBe positivity, platelets, and levels of
HBsAg, HBcrAg, HBV DNA and I1-22 before treatment.
Statistical analyses were carried out using SPSS software
version 21.0J (IBM Japan, Tokyo, Japan).

RESULTS

Baseline clinical characteristics of patients

HE CLINICAL PROFILE of the experimental patient

cohort is shown in Table 1. Among our 48 patients
with chronic hepatitis, 39 (81%) achieved a VR at 24
months. A VR was attained in 11 of 20 HBeAg positive
patients (55%) and in all 28 HBeAg negative patients
(100%). One patient (5%) demonstrated HBeAg
seroclearance through to month 24, but did not attain
HBeAg seroconversion. No patient experienced a viro-
logical breakthrough.

The median age of patients achieving a VR was signifi-
cantly higher than that of patients who did not (55 vs 37
years; P=0.031) (Table 1). In contrast, viral responders
had significantly lower median HBsAg (3.3 vs 3.9 log
IU/mL; P=0.001) and HBcrAg (5.0 vs 6.8 log U/mL;
P <0.001) levels than non-responders. We found no
significant differences between patient groups with
regard to sex, HBV genotype, or albumin, AST, ALT,
bilirubin or platelet levels. When stratified by HBeAg
positivity, HBsAg level only was significantly associated
with a VR (3.2 vs 3.9log IU/mL; P=0.003). When
we compared HBeAg positive and negative patients,

1L-22, HBcrAg, and ETV therapy in CH-B 3

median HBV DNA and HBcrAg levels, but not HBsAg,
were significantly higher in HBeAg positive patients
(Table S1).

Detection and quantification of serum
markers in patients with chronic hepatitis B
and controls

Serum samples obtained prior to ETV therapy were
examined for the presence of six cytokines and five
chemokines by multiplex assays. As shown in Table 2,
the median baseline serum concentrations of IL-6
(6.5 vs 5.8 pg/ml; P=0.031) and three chemokines
(CCL2 [39.3 vs 31.5 pg/mL; P=0.022], CXCL9 [329.2
vs 127.8 pg/ml; P=0.002] and CXCL10 [217.1 vs
58.7 pg/mL; P=0.001]) were significantly higher in
patients with chronic hepatitis B than in healthy con-
trols. When we subdivided patients into HBeAg positive
or anti-HBe positive groups, no significant differences
in the median concentrations of any cytokine or
chemokine were seen, including IL-22 (Table S1).

Effect of ETV therapy on serum
cytokine levels

The median levels of serum cytokines and chemokines
in our cohort are shown in Table 3. Among our patients,
the median baseline serum IL-22 concentration was sig-
nificantly higher in virological responders than in non-
responders (35.3 vs 27.8 pg/mL; P=0.031) (Fig. 1a).
No other cytokines or chemokines were associated with

Table 1 Demographic and clinical characteristics of 48 patients with chronic hepatitis B

Characteristics Total, n=48 VR (+), n=39 VR (=), n=9 p

Age, years 55 (24-81) 55 (24-81) 37 (26-67) 0.031
Male, n (%) 33 (69) 29 (74) 4 (44) 0.18
HBeAg positive, n (%) 20 (42) 11 (28) 9 (100) <0.001
HBV genotype C, n (%) 45 (94) 37 (95) 8 (89) 1.00
HBV DNA (log copies/mL) 6.6 (2.7 t0 >9.1) 6.4 (2.7 t0>9.1) 8.0 (3.9t0>9.1) 0.06
HBsAg (log IU/mL) 3.4 (-1.2t0 4.5) 3.3(-1.21t04.3) 3.9 (3.3-4.5) 0.001
HBcrAg (log U/mL) 5.2 (3.0-6.8) 5.0 (3.0-6.8) 6.8 (5.4-6.8) <0.001
Albumin (mg/dL) 4.2 (2.3-5.3) 4.2 (3.1-5.3) 4.2 (2.3-4.5) 0.80
AST (IU/L) 48 (15-1476) 51 (15-1476) 36 (28-358) 0.82
ALT (1U/L) 49 (9-2021) 63 (9-2021) 56 (29-954) 0.74
Bilirubin (mg/dL) 0.8 (0.3-3.1) 0.8 (0.3-3.1) 0.7 (0.5-1.0) 0.33
Platelet (/uL) 16.3 (8.0-28.9) 15.2 (8.0-28.9) 19.5 (11.9-27.7) 0.053

Continuous variables are expressed as median values (range).
Bolded figures indicate statistical significance.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e-antigen;

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.
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Table 2 Serum cytokines and chemokines in patients with chronic hepatitis B and healthy subjects

Cytokine/chemokine Patients Controls P-value
IL-2 2.3 (0-4.9) 2.1(1.9-2.4) 0.42
IL-6 6.5(2.7-19.1) 5.8 (5.8-6.5) 0.031
1L-10 1.1 (0.0-26.8) 1.4 (1.3-1.6) 0.49
IL-12p70 12.9 (0.1-22.0) 12.9 (12.8-12.9) 0.50
IL-21 12.5 (5.0-1916.5) 11.5 (10.5-253.5) 0.68
IL-22 34.9 (27.2-75.7) 33.6 (32.3-39.0) 0.47
CCL2 39.3 (23.8-8118.8) 31.5 (26.7-39.3) 0.022
CCL3 4.8 (0.0-651.8) 7.0 (5.0-9.9) 0.25
CXCL9 329.2 (89.8-18 758.9) 127.8 (107.5-874.3) 0.002
CXCL10 217.1 (18.6-3594.3) 58.7 (24.7-859.5) 0.001
CXCL11 40.8 (0.7-553.8) 25.8 (12.9-90.3) 0.23

Continuous variables are expressed as median values (range) (pg/mL).

Bolded figures indicate statistical significance.
1L, interleukin.

a VR. When stratified by HBeAg positivity, serum IL-22
and IL-6 levels in the VR group were significantly
higher than those in the non-VR group (35.3 vs 31.2 pg/
mL [P=0.046] and 6.9 vs 6.1 pg/mL [P=0.031],
respectively).

Several clinical findings (HBV DNA, HBsAg, HBcrAg,
albumin, AST, ALT, bilirubin and platelet) at baseline
were examined for their correlation with serum
cytokines or chemokines in patients with chronic hepa-
titis B. Serum IL-6, CXCL9, CXCL10 and CXCL11 were
all positively correlated with values for AST, ALT and
bilirubin, but were negatively correlated with serum
HBsAg (Table 4). CXCL9, CXCL10 and CXCL11 were
also significantly correlated with each other (data not

shown). There was a negative correlation between
HBsAg and AST, ALT and bilirubin (data not shown).

Prediction of VR in patients with chronic
hepatitis B

We performed ROC analysis to determine the optimal
cut-off values for serum IL-22, HBsAg and HBcrAg in
predicting a VR for chronic HBV infection with the
values obtained from the 39 patients who achieved a VR
and the nine who did not. The selection of optimal
cut-off point values was based on the IL-22, HBsAg and
HBcrAg levels at which accuracy was maximal. Optimal
cut-off value, sensitivity, specificity, positive predictive
value, negative predictive value and calculated area

Table 3 Serum cytokines and chemokines in treatment outcome to antiviral therapy

Cytokine/chemokine VR Non-VR P-value
IL-2 2.3 (0.0-4.9) 3.1 (0.0-3.3) 0.60
IL-6 6.8 (2.7-19.1) 6.1 (4.3-12.5) 0.22
IL-10 0.6 (0.0-26.8) 1.5 (0.0-5.0) 0.86
IL-12p70 12.9 (0.1-22.0) 12.9 (1.2-18.0) 0.74
IL-21 12.2 (5.0~1916.5) 19.9 (5.9-27.8) 0.70
IL-22 35.3 (27.2-75.7) 27.8 (27.3-46.7) 0.031
cCL2 40.8 (24.4-118.8) 34.8 (23.8-60.3) 0.13
CCL3 4.5 (0.0-651.8) 6.5 (2.7-22.9) 0.57
CXCL9 322.5(115.4-18 758.9) 353.6 (89.8-1545.1) 0.60
CXCL10 206.3 (29.1-3594.3) 294.2 (18.6-2240.7) 0.94
CXCL11 39.9 (0.7-553.8) 48.8 (12.6-428.2) 0.80

Continuous variables are expressed as median values (range) (pg/mL).

Bolded figure indicates statistical significance.
IL, interleukin; VR, virological response.
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Figure 1 Comparison of serum (a) IL-22, (b) HBsAg and (c)
HBcrAg levels during entecavir therapy in the VR (n=39) and
non-VR (n = 9) groups. Boxes represent the interquartile range
of the data. The lines across the boxes indicate the median
values. The harsh marks above and below the boxes indicate
the 90th and 10th percentiles for each group, respectively. IL,
interleukin; HBsAg, hepatitis B surface antigen; HBcrAg, hepa-
titis core-related antigen; VR, virological response.
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under the curve (AUC) values for each parameter are
listed in Table 5. The AUC values were consistently high
and ranged between 0.731 (IL-22) and 0.858 (HBcrAg).

Several factors found in association with a VR to
ETV therapy were evaluated for their independence
by multivariate analysis. We determined that IL-22 of
27.8 pg/mL or more (hazard ratio [HR]=13.67 [95%
confidence interval [CI] = 1.05-178.11], P =0.046) and
HBcrAg of 5.7 log U/mL or less (HR=10.88 [95%
Cl=1.02-115.44], P = 0.048) were independent factors
related to a VR. HBsAg did not have a significant inde-
pendent association in this study (P=0.071).

Serum cytokine and chemokine changes
during treatment

Longitudinal analysis of IL-22, HBsAg and HBcrAg levels
was carried out at 6, 12 and 24 months after the initia-
tion of therapy and showed significant gradual reduc-
tions in IL-22 (P<0.001, Friedman test), HBsAg
(P<0.001) and HBcrAg (P<0.001) in samples col-
lected from patients who achieved a VR (Fig. 1). We
noted a higher median serum IL-22 concentration at
month 6 in the VR group than in the non-VR group
(P=0.012), and there were significant differences at
each time point for HBsAg (6 months, P=0.002; 12
months, P=0.006; and 24 months, P=0.004) and
HBcrAg (6 months, P <0.001; 12 months, P < 0.001;
and 24 months, P<0.001) between responders and
non-responders.

DISCUSSION

N THE PRESENT study, we measured the levels of

six cytokines and five chemokines in patients with
chronic hepatitis B and analyzed their association
with ETV therapy outcome using a bead-array multiplex
immunoassay system. Four of our observations are
noteworthy and require further comment. First, serum
IL-6, CCL2, CXCL9 and CXCL10 concentrations were
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Table 4 Correlation between cytokines, chemokines and clinical parameters
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IL-2 IL-6 iL-10 IL-12 IL-21 IL-22 CCL2 CCL3 CXCL9 CXCL10  CXCL11
HBVDNA r 0.08 0.01 0.10 0.06 0.08 0.17 -0.13 0.01 -0.13 -0.10 0.20
P 0.61 0.97 0.51 0.69 0.61 0.25 0.39 0.95 0.39 0.50 0.18
HBsAg T -0.99 -0.35 -0.14 0.22 -0.08 -0.05 -25 0.02 -0.78 ~0.01 -0.32
P 0.51 0.015 0.35 0.14 0.61 0.74 0.09 0.89  <0.001 <0.001 0.025
HBcrAg T 0.04 0.05 -0.16 0.24 0.18 0.14 -0.13 0.14 -0.14 -0.15 0.11
P 0.79 0.76 0.29 0.11 0.21 0.35 0.40 0.33 0.36 0.31 0.45
Albumin T 0.17 0.02 017  -0.02 0.05 -0.02 0.12 0.08 0.13 -0.09 0.02
P 0.25 0.91 0.24 0.89 0.75 0.88 0.40 0.60 0.39 0.53 0.91
AST T 0.05 0.40 0.11 -0.11 ~0.03 0.14 0.13  -0.07 0.78 0.75 0.36
P 0.72 0.004 0.45 0.47 0.83 0.33 0.39 0.66 <0.001 <0.001 0.013
ALT r 0.02 0.42 0.12 -0.11 -0.06 0.16 0.10 -0.08 0.69 0.71 0.46
P 0.91 0.003 0.40 0.44 0.70 0.28 0.52 0.57 <0.001 <0.001 0.001
Bilirubin r -0.03 0.36 0.07 0.08 -0.03 0.13 027 -0.12 0.33 0.65 0.35
P 0.83 0.012 0.64 0.58 0.84 0.38 0.07 0.42 0.023  <0.001 0.015
Platelet T 0.08 0.12 0.15  -0.09 0.13 025 -0.05 0.19 0.31 0.04 0.13
P 0.57 0.42 0.33 0.55 0.38 0.09 0.74 0.20 0.033 0.82 0.39

Bolded figures indicate statistical significance.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface

antigen; HBV, hepatitis B virus; IL, interleukin; 7, Spearman'’s rank correlation.

higher in patients with chronic hepatitis B than in
healthy subjects. Second, serum IL-22 concentration
before treatment was significantly higher in patients
achieving a VR to ETV therapy. In contrast, responders
had lower serum levels of HBsAg and HBcrAg at base-
line. Third, IL-22, HBsAg and HBcrAg decreased during
treatment and remained low in patients with a VR.
Fourth, serum IL-6, CXCL9, CXCL10 and CXCL11 were
positively correlated with serum values of AST, ALT and
bilirubin, but were negatively correlated with HBsAg.
Interleukin-6 is a well-recognized multifunctional
cytokine that may reflect more active hepatic
necroinflammation and be associated with chronic HBV
infection severity. As in previous studies,'®?' serum IL-6

was significantly higher in the HBV-infected group than
in healthy controls and was positively correlated with
such clinical parameters as transaminases and bilirubin.
Hence, our data support that IL-6 is strongly associated
with the severity of liver diseases.

CXCL9, CXCL10 and CXCL11 appear to be particu-
larly important in chronic HCV infection by promoting
the development of intrahepatic inflammation that
leads to fibrogenesis.”**® These chemokines are also sig-
nificantly elevated in patients with necroinflammatory
activity of acute and chronic hepatitis C.*** In our
study, serum CXCL9 and CXCL10 were higher in
patients with chronic HBV infection than in healthy
individuals, which was in agreement with a previous

Table 5 Optimal cut-off value, sensitivity, specificity, AUC, and predictive value of serum IL-22, HBsAg and HBcrAg at baseline of

treatment in 48 patients with chronic hepatitis B

Cut-off value Sensitivity (%) Specificity (%) AUC (95% CI) PPV NPV

(95% CI) (95% CI) (%) (%)
1L-22 27.8 pg/mL 56 (21-86) 90 (76-97) 0.731 (0.533-0.929) 90 56
HBsAg 3.6 log IU/mL 78 (40-97) 77 (61-89) 0.838 (0.704-0.971) 44 94
HBcrAg 5.7 log U/mL 89 (52-100) 82 (67-93) 0.858 (0.754-0.962) 53 97

All AUC values were significantly higher than a 0.50 non-predictive value (P < 0.01 for all comparisons). Cut-off values were

determined by constructing receiver-operator curves.

AUC, area under the curve; CI, confidence interval; HBcrAg, hepatitis core-related antigen; HBsAg, hepatitis B surface antigen; IL,
interleukin; NPV, negative predictive value; PPV, positive predictive value.
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report.’>  Moreover, the serum CXCR3-associated
chemokines CXCL9, CXCL10 and CXCL11 were all well
correlated with serum values of AST, ALT and bilirubin.
Because we observed a significant correlation between
these chemokines and IL-6, our findings suggest that
CXCR3-associated chemokines may too contribute to
necroinflammatory activity in chronic HBV infection.
However, there were insufficient histological data in our
study to assess whether IL-6 and CXCR3-associated
chemokines were correlated with degree of fibrosis, in
addition to a lack of biochemical evidence of inflamma-
tion. We furthermore showed a striking negative asso-
ciation between HBsAg concentration and levels of IL-6
and CXCR3-associated chemokines. As HBsAg was also
negatively correlated with transaminases and bilirubin,
this HBsAg decline may be linked to increased immu-
nological activity.

Interestingly, this study demonstrated a beneficial role
of IL-22 in achieving a VR during ETV therapy. IL-22 is
an IL-10 family cytokine that is important for the modu-
lation of tissue responses during inflammation and is
expressed by many types of lymphocytes of both the
innate and adaptive immune systems, most notably
T-helper 17 cells, ¥0 T cells, natural killer cells and lym-
phoid tissue inducer-like cells. The 1L-22 receptor is
highly expressed on hepatocytes.?®*” At present, several
studies support a protective role of IL-22 in the preven-
tion of hepatocellular damage, although there is evi-
dence indicating dual protective and pathogenic roles
for this cytokine in the liver.'"”?-3° Some groups have
examined the association between IL-22 and liver fibro-
sis in humans and mice’"*? In one report, tumor-
infiltrating lymphocytes in HCC exhibited elevated
IL-22 expression, and these IL-22* lymphocytes pro-
moted tumor growth and metastasis in mice.*® Although
human patients with chronic hepatitis B show increased
percentages of T-helper 17 cells in the peripheral blood
and liver and an increased concentration of IL-22 in the
serum,'*** there have been no reports on treatment
outcome in patients with chronic HBV infection during
ETV therapy. In our study, IL-22 levels decreased over
time in both the VR and non-VR groups, but they were
consistently higher in the VR group. This difference in
IL-22 levels between the two groups further supports the
possibility that IL-22 may be important for the activa-
tion of immune cells that contribute to viral control.
When stratified by HBe positivity, although I1L-22 was
still significantly associated with a VR, the number of
patients was only 20 in this study. Further research is
needed to clarify the association between IL-22 and
treatment response.

IL-22, HBcrAg, and ETV therapy in CH-B 7

Lastly, we uncovered that lower baseline serum HBsAg
and HBcrAg levels were associated with a VR. HBcrAg
assays measure serum levels of HB core, e and 22-kDa
precore antigens simultaneously using monoclonal
antibodies that recognize the common epitopes of these
three denatured antigens.*® Because this assay measures
all antigens transcribed from the precore/core gene, it is
regarded as core related.*® The AUC values for baseline
HBsAg and HBcrAg levels were high at 0.838 and 0.858,
respectively. Several studies have shown that HBsAg is
useful for the management of ETV therapy,*”** whereby
an HBsAg decline is most profound in patients losing
HBeAg detectability during treatment.”® HBeAg positiv-
ity was also significantly associated with treatment
outcome in the present study. However, because
HBcrAg, but not HBsAg or HBeAg, was an independent
factor related to a VR in multivariate analysis, our results
indicated that serum HBcrAg quantitation may offer cli-
nicians a new tool in predicting treatment outcome in
HBV infection. Further investigation of large cohorts
must be done to validate the significance of our
findings.

With a VR at 12 months established as a parameter, 38
patients (79%) achieved this event. Serum IL-22, HBsAg
and HBcrAg levels were all still significantly associated
with a VR at 12 months. AUC values were as high as
between 0.737 (IL-22) and 0.878 (HBcrAg). Further-
more, ALT normalization was achieved in 40 (83%) and
42 (88%) patients at 12 and 24 months, respectively.
Although lower median pretreatment levels of HBsAg
and HBcrAg were significantly associated with ALT nor-
malization, there was no such statistically significant
relation for IL-22 (data not shown).

In summary, a cytokine (IL-6} and several
chemokines (CCL2, CXCL9 and CXCL10) were seen to
be elevated in patients with chronic hepatitis B. Our
results indicate that serum IL-6 and CXCR3-associated
chemokines are correlated with liver injury, serum IL-22
is a useful biomarker for predicting a VR to ETV therapy,
and a lower level of serum HBcrAg is related to a favor-
able response to antiviral therapy.

ACKNOWLEDGMENTS

HIS RESEARCH WAS supported in part by a research

grant from the Ministry of Health, Labor, and
Welfare of Japan. The authors thank Yuki Akahane,
Asami Yamazaki and Toyo Amaki for their technical
assistance, and Trevor Ralph for his English editorial
assistance.

© 2013 The Japan Society of Hepatology

— 245 —



8

S. Okuhara et al.

REFERENCES

Lee WM. Hepatitis B virus infection. N Engl ] Med 1997;
337: 1733-45.

Umemura T, Ichijo T, Yoshizawa X, Tanaka E, Kiyosawa K.
Epidemiology of hepatocellular carcinoma in Japan.
J Gastroenterol 2009; 44 (Suppl 19): 102-7.

Chen CJ, Yang HI, Su J et al. Risk of hepatocellular carci-
noma across a biological gradient of serum hepatitis B
virus DNA level. JAMA 2006; 295: 65-73.

Iloeje UH, Yang HI, SuJ, Jen CL, You SL, Chen CJ. Predict-

_ ing cirrhosis risk based on the level of circulating hepatitis

10

11

12

13

14

15

16

B viral load. Gastroenterology 2006; 130: 678-86.
Dienstag JL, Goldin RD, Heathcote EJ et al. Histological
outcome during long-term lamivudine therapy. Gastroen-
terology 2003; 124: 105~17.

Liaw YF, Sung JJ, Chow WC et al. Lamivudine for patients
with chronic hepatitis B and advanced liver disease. N Engl
J Med 2004; 351: 1521-31.

Hosaka T, Suzuki F, Kobayashi M et al. Long-term entecavir
treatment reduces hepatocellular carcinoma incidence in
patients with hepatitis B virus infection. Hepatology 2013;
58: 98-107.

Yoneda S, Umemura T, Katsuyama Y et al. Association of
serum cytokine levels with treatment response to pegylated
interferon and ribavirin therapy in genotype 1 chronic
hepatitis C patients. J Infect Dis 2011; 203: 1087-95.
Yoneda S, Umemura T, Joshita S et al. Serum chemokine
levels are associated with the outcome of pegylated inter-
feron and ribavirin therapy in patients with chronic hepa-
titis C. Hepatol Res 2011; 41: 587-93.

Umemura T, Joshita S, Yoneda S et al. Serum interleukin
(IL)-10 and IL-12 levels and IL28B gene polymorphisms:
pretreatment prediction of treatment failure in chronic
hepatitis C. Antivir Ther 2011; 16: 1073-80.

Wu JF, Wu TC, Chen CH etal. Serum levels of
interleukin-10 and interleukin-12 predict early, spontane-
ous hepatitis B virus e antigen seroconversion. Gastroenter-
ology 2010; 138: 165-72 e-13.

Tan AT, Koh S, Goh W etal. A longitudinal analysis of
innate and adaptive immune profile during hepatic flares
in chronic hepatitis B. ] Hepatol 2010; 52: 330-9.
Publicover J, Goodsell A, Nishimura § et al. IL-21 is pivotal
in determining age-dependent effectiveness of immune
responses in a mouse model of human hepatitis B. J Clin
Invest 2011; 121: 1154-62.

Zhang Y, Cobleigh MA, Lian JQ et al. A proinflammatory
role for interleukin-22 in the immune response to hepatitis
B virus. Gastroenterology 2011; 141: 1897-906.

Ma SW, Huang X, Li YY et al. High serum IL-21 levels after
12 weeks of antiviral therapy predict HBeAg serocon-
version in chronic hepatitis B. ] Hepatol 2012; 56: 775-81.
Tacke F, Zimmermann HW, Berres ML, Trautwein C,
Wasmuth HE. Serum chemokine receptor CXCR3 ligands
are associated with progression, organ dysfunction and

© 2013 The Japan Society of Hepatology

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

— 246 —

Hepatology Research 2014

complications of chronic liver diseases. Liver Int 2011; 31:
840-9.

Feng D, Kong X, Weng H et al. Interleukin-22 promotes
proliferation of liver stem/progenitor cells in mice and
patients with chronic hepatitis B virus infection. Gastroen-
terology 2012; 143: 188-98 e7.

Pan CJ, Wu HIL, Kuo SF et al. Serum interleukin 6 level
correlates with outcomes of acute exacerbation of chronic
hepatitis B. Hepatol Int 2012; 6: 591-7.

Umemura T, Tanaka E, Kiyosawa K, Kumada H. Mortality
secondary to fulminant hepatic failure in patients with
prior resolution of hepatitis B virus infection in Japan. Clin
Infect Dis 2008; 47: e52-6.

Umemura T, Zen Y, Hamano H, Kawa S, Nakanuma Y,
Kiyosawa K. Immunoglobin G4-hepatopathy: association
of immunoglobin G4-bearing plasma cells in liver with
autoimmune pancreatitis. Hepatology 2007; 46: 463-71.
Kao JT, Lai HC, Tsai SM et al. Rather than interleukin-27,
interleukin-6 expresses positive correlation with liver sever-
ity in naive hepatitis B infection patients. Liver Int 2012;
32: 928-36.

Zeremski M, Petrovic LM, Talal AH. The role of
chemokines as inflammatory mediators in chronic hepati-
tis C virus infection. J Viral Hepat 2007; 14: 675-87.
Heydtmann M, Adams DH. Chemokines in the immuno-
pathogenesis of hepatitis C infection. Hepatology 2009; 49:
676-88.

Zeremski M, Petrovic LM, Chiriboga L et al. Intrahepatic
levels of CXCR3-associated chemokines correlate with
liver inflammation and fibrosis in chronic hepatitis C.
Hepatology 2008; 48: 1440-50.

Zeremski M, Hooker G, Shu MA et al. Induction of CXCR3-
and CCRS5-associated chemokines during acute hepatitis C
virus infection. ] Hepatol 2011; 55: 545-53.

Colonna M. Interleukin-22-producing natural killer cells
and lymphoid tissue inducer-like cells in mucosal immu-
nity. Immunity 2009; 31: 15-23.

Zenewicz LA, Flavell RA. Recent advances in IL-22 biology.
Int Immunol 2011; 23: 159-63.

Zenewicz LA, Yancopoulos GD, Valenzuela DM, Murphy
AJ, Karow M, Flavell RA. Interleukin-22 but not
interleukin-17 provides protection to hepatocytes during
acute liver inflammation. Immunity 2007; 27: 647-59.

Ki SH, Park O, Zheng M et al. Interleukin-22 treatment
ameliorates alcoholic liver injury in a murine model of
chronic-binge ethanol feeding: role of signal transducer
and activator of transcription 3. Hepatology 2010; 52:
1291-300.

Park O, Wang H, Weng H et al. In vivo consequences of
liver-specific interleukin-22 expression in mice: implica-
tions for human liver disease progression. Hepatology 2011;
54: 252-61.

Kong X, Feng D, Wang H et al. Interleukin-22 induces
hepatic stellate cell senescence and restricts liver fibrosis in
mice. Hepatology 2012; 56: 1150-9.



Hepatology Research 2014

32

33

34

35

36

37

Meng F, Wang K, Aoyama T et al. Interleukin-17 signaling
in inflammatory, Kupffer cells, and hepatic stellate cells
exacerbates liver fibrosis in mice. Gastroenterology 2012;
143: 765-76 el-3.

Jiang R, Tan Z, Deng L etal. Interleukin-22 promotes
human hepatocellular carcinoma by activation of STAT3.
Hepatology 2011; 54: 900-9.

Zhang JY, Zhang Z, Lin F et al. Interleukin-17-producing
CD4(+) T cells increase with severity of liver damage in
patients with chronic hepatitis B. Hepatology 2010; 51:
81-91.

Kimura T, Ohno N, Terada N et al. Hepatitis B virus DNA-
negative dane particles lack core protein but contain a
22-kDa precore protein without C-terminal arginine-rich
domain. J Biol Chem 2005; 280: 21713-9.

Kimura T, Rokuhara A, Sakamoto Y et al. Sensitive enzyme
immunoassay for hepatitis B virus core-related antigens
and their correlation to virus load. J Clin Microbiol 2002;
40: 439-45.

Lee JM, Ahn SH, Kim HS et al. Quantitative hepatitis B
surface antigen and hepatitis B e antigen titers in prediction

38

39

11-22, HBcrAg, and ETV therapy in CH-B 9

of treatment response to entecavir. Hepatology 2011; 53:
1486-93.

Liaw YF. Clinical utility of hepatitis B surface antigen
quantitation in patients with chronic hepatitis B: a review.
Hepatology 2011; 54: E1-9.

Reijnders JG, Rijckborst V, Sonneveld MJ et al. Kinetics
of hepatitis B surface antigen differ between treatment
with peginterferon and entecavir. ] Hepatol 2011; 54: 449~
54.

SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the

publisher’s website:

Table S1 Demographic, clinical characteristics, and
serum cytokines and chemokines in patients with
hepatitis B e-antigen (HBeAg) positive and hepatitis B
e-antigen (HBeAg) negative patients.

© 2013 The Japan Society of Hepatology

— 247 —



OPEN a ACCESS Freely available online

B PLOS | one

KIR, HLA, and IL28B Variant Predict Response to Antiviral
Therapy in Genotype 1 Chronic Hepatitis C Patients in

Japan

Yuichi Nozawa'®, Takeji Umemura’®, Satoru Joshita', Yoshihiko Katsuyama?, Soichiro Shibata’,
Takefumi Kimura', Susumu Morita', Michiharu Komatsu', Akihiro Matsumoto', Eiji Tanaka', Masao Ota®

1 Division of Hepatology and Gastroenterology, Department of Medicine, Shinshu University School of Medicine, Matsumoto, Japan, 2 Department of
Pharmacy, Shinshu University Hospital, Matsumoto, Japan, 3 Department of Legal Medicine, Shinshu University School of Medicine, Matsumoto, Japan

Editor: Golo Ahlenstiel, University of Sydney, Australia

* E-mail: tumemura@shinshu-u.ac.jp (TU); otamasao@shinshu-u.ac.jp (MO)
@ These authors contributed equally to this work.

Citation: Nozawa Y, Umemura T, Joshita S, Katsuyama Y, Shibata S, et al. (2013) KIR, HLA, and /L28B Variant Predict Response to Antiviral Therapy in
Genotype 1 Chronic Hepatitis C Patients in Japan. PLoS ONE 8(12): €83381. doi:10.1371/journal.pone.0083381

Received September 3, 2013; Accepted November 2, 2013; Published December 12, 2013

Copyright: © 2013 Nozawa et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a grant from the Ministry of Health, Labor, and Welfare of Japan. Takeji Umemura and Eiji Tanaka report receiving
grant support from MSD. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing interests: MSD partly funded this study. There are no patents, products in development or marketed products to declare. This does not aiter
the authors’ adherence to all the PLOS ONE policies on sharing data and materials.

Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic
liver disease worldwide. Chronic HCV infection often develiops
into chronic hepatitis, which may progress to liver cirrhosis
and/or hepatocellular carcinoma (HCC)[1]. HCC is a leading
cause of death from malignant neoplasms in Japan[2]. Since
approximately 70% of Japanese HCC patients are infected with
HCV, the successful eradication of this virus, defined as a
sustained virological response (SVR), is considered important
to decrease the incidence of HCC.

PLOS ONE | www.plosone.org

Natural killer (NK) cells are key components of the innate
antiviral immune response that are controlled by a balance of
activation and inhibitory receptors. NK cell activation receptors
include C-type lectin-like receptors (NKG2C, NKG2D, and
NKG2E), natural cytotoxicity receptors (NKp30, NKp44, and
NKp46), and CD16, while known inhibitory receptors include
killer cell immunoglobulin-like receptors (KIRs) and the CD94/
NKG2 family, which also contains a C-type lectin-like receptor
(NKG2A) [3,4]. Sixteen KIR genes and pseudogenes have
been identified that are encoded by a family of genes located
on human chromosome 19q13.4. One particular feature of
KIRs is their substantial genetic diversity. Some inhibitory KIRs
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recognize human leukocyte antigen (HLA) class | molecules as
their ligands; KIR2DL1 recognizes HLA-C group 2 (HLA-C2)
allotypes having lysine at amino acid position 80, whereas
KIR2DL2 and KIR2DL3 recognize HLA-C group 1 (HLA-CT)
allotypes having asparagine at amino acid position 80 [5].
KIR2DL2 and KIR2DL3 also recognize HLA-B*4601 acquiring
the-C1 epitope by gene conversion [6]. Furthermore, KIR3DL1
recognizes subsets of HLA-A and HLA-B allotypes having the -
Bw4 epitope determined by amino acid positions 77-83 [7].

It has been well documented that certain KIR-HLA receptor-
ligand combinations are associated with susceptibility to
infectious diseases, such as HCV, as well as with disease
progression and treatment response [8-15]. Recent reports
have also identified a relationship between interleukin (IL) 28B
gene polymorphisms and treatment and spontaneous
resolution of HCV infection[16-19]. Dring et al. observed that
the presence of IL28B gene polymorphisms and KIR genotypes
synergized to increase the risk of chronic HCV infection[20],
although this finding is under debate[21]. Suppiah et al. [22]
recently reported that genotyping for /IL28B, HLA-C, and KIR
genes was useful for predicting HCV treatment response in
patients of European descent. As these gene associations
have not yet been studied in the Japanese population, we
evaluated whether HLA-KIR interactions, in addition to an
IL28B polymorphism, would influence the outcome of
pegylated-interferon-a (PEG-IFN) and ribavirin therapy in
Japanese patients with chronic hepatitis C.

Materials and Methods

Ethics statement

This study was approved by the ethical committee of
Shinshu University School of Medicine, Matsumoto, Japan, and
written informed consent was obtained from all participants.
The study was conducted in accordance with the principles of
the Declaration of Helsinki.

Subjects

One hundred and fifteen consecutive IFN-treatment-naive
patients with chronic hepatitis C were enrolled in this study. All
subjects were seen at Shinshu University Hospital or one of its
affiliated  hospitals. The clinical and  demographic
characteristics of our cohort are shown in Table 1. Diagnosis of
chronic hepatitis C was based on previously reported criteria
[23]: 1) presence of serum HCV antibodies and detectable viral
RNA,; 2) absence of detectable hepatitis B surface antigen and
antibody to the human immunodeficiency virus; and 3)
exclusion of other causes of chronic liver disease or a history of
decompensated cirrhosis or HCC. Serum levels of HCV RNA
were determined using Cobas Amplicor assays (sensitivity: 50
lU/mL; Roche Diagnostic Systems, Tokyo, Japan). HCV
genotypes were determined using INNO-LIPA HCV Il kits
(Innogenetics, Gent, Belgium). Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and other relevant
biochemical tests were performed using standard methods[24].
Liver fibrosis was assessed using the AST to platelet ratio
index (APRI) in this study. APRI has been recognized as a
noninvasive test to estimate the degree of liver fibrosis in
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Table 1. Clinical features of sustained and non-sustained
virological response patients with chronic hepatitis C.

Characteristic All SVR Non-SVR P

60 (24 - 80)

50 (25-80)  60(24-75)  0.43

Age (yr)

Alanine
) 46 (17 - 389)

48 (17-389) 45 (17-309) 0.81

) 4410 (2280 -
White blood cells (uL) 0.011
8240) 8170) 8240)

4740 (2700 - 4070 (2280 -

Platelet count (104/uL)

HCV RNA (logo UML) 6.4 (5.0-7.3) 6.1(5.0-6.8) 6.5(5.0-7.3) <0.001
Data are expressed as median (range) or n (%) as appropriate. SVR, sustained
virological response; HCV, hepatitis C virus

doi: 10.1371/journal.pone.0083381.t001

chronic liver disease with HCV infection[25]. APR! was
calculated for all study subjects as follows: AST/upper limit of
normal (45 1U/L) x 100/platelet count (10%L). Patients received
PEG-IFN-02b (Pegintron; MSD KK, Tokyo, Japan; 1.5 pg/kg of
body weight by subcutaneous injection once per week) and
ribavirin (Rebetol; MSD KK; 600-1000 grams daily, according
fo body weight) for 48 weeks, as described previously[26].
Patients achieving a sustained HCV response were defined as
those whose serum HCV RNA was undetectable 24 weeks
after completing therapy. Patients who did not meet this
criterion, who included non-responders and relapsers, were
regarded as treatment failures.

HLA, KIR, and IL28B (rs8099917) Genotyping

Genomic DNA was isolated from whole blood samples using
QuickGene-800 assays (Fuijifilm, Tokyo, Japan). We genotyped
HLA-B, HLA-C, and KIR using a Luminex multi-analyzer
profiling system with a LAB type® HD and KIR SSO genotyping
kit (One Lambda, Inc., Canoga Park, CA), which is based on
PCR sequence-specific oligonucleotide probes[27]. Subjects
were identified as having the B/x or A/A genotype as defined
previously[28]. Genotypes for the centromeric (Cen) and
telomeric (Tel) parts of the KIR locus were determined
according to the presence or absence of one or more B
haplotype-defining KIR genes. Thus, Cen-A1 and Tel-A1 were
the centromeric and telomeric motifs, respectively, of the
canonical A KIR haplotype in the present study, Cen-B1 and
Cen-B2 were alternative centromeric motifs of common B KIR
haplotypes, and Tel-B1 was the common telomeric motif of B
haplotypes[29]. For much of this analysis, Cen-B1 and -B2
were grouped together as Cen-B, whereas Cen-A71 was
shortened to Cen-A and Tel-A1 to Tel-A, as reported
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previously[30,31]. Genotyping of an /L28B SNP (rs8099917)
was performed using a TagMan 5 exonuclease assay with
primers supplied by Applied Biosystems[32]. Probe
fluorescence signals were detected using a TagMan assay for
Real-Time PCR (7500 Real Time PCR System, Applied
Biosystems) according to the manufacturer’s instructions.

Statistical Analysis

The Mann-Whitney U test was employed to analyze
continuous variables. Pearson’s chi-squared test was used for
the analysis of categorical data. We adopted Fisher’s exact test
when the number of subjects was less than 5. The Bonferroni
correction for multiple testing was applied to our data of KIR-
HLA combinations using the number of comparisons performed
by our primary factors of interest in Table 2 (i.e., 8 tests = 4
combinations x 2 comparisons between two groups). A P value
of < 0.05 was considered to be statistically significant.
Association strength was estimated by calculating the odds
ratio (OR) and 95% confidence interval (Cl). Our model was
checked by regression diagnostic plots to verify normality,
linearity of data, and constant variance. Stepwise logistic
regression analysis with a forward approach was performed to
identify independent factors associated with an SVR after
continuous variables were separated into 2 categorical
variables by each median value. Statistical analyses were
performed using SPSS software version 21.0J (IBM, Tokyo,
Japan). Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated to
determine the reliability of the predictors of therapy response.

Results

Patient Characteristics and Treatment Outcome

All patients in our test cohort were infected with HCV
genotype 1b. Of the 115 patients receiving PEG-IFN-a2b and
ribavirin therapy, 56 (49%) achieved an SVR. The remaining 59
patients were non-responders, 28 of whom experienced a
relapse and 31 who were null responders. The median white
blood cell count (P = 0.011) and hemoglobin value (P = 0.002)
in the SVR group were significantly higher than those in the
non-SVR group prior to treatment. HCV viral load at baseline
was significantly associated with treatment outcome (P <
0.001).

Association of HLA and KIR with a Sustained
Virological Response

We first determined the frequency of HLA-Bw and HLA-C
alleles in SVR and non-SVR patients (Figure 1). The frequency
of HLA-Bw4Bw6 in responders was significantly higher than
that in non-responders (55% [31/56] vs. 36% [21/59]; P =
0.033; OR = 2.24, 95% Cl = 1.06 - 4.75). Conversely, patients
with the HLA-Bw6 homozygote had a higher non-SVR rate
(32% [18/56] vs. 54% [32/59]; P = 0.017; OR = 0.40, 95% CI =
0.19 - 0.85). Overall, HLA-Bw4 was associated with an SVR
among patients (68% [38/56] vs. 46% [27/59]; P = 0.017; OR =
2.50, 95% CI = 1.17 - 5.35). The frequencies of HLA-C were
not statistically significant. We further checked whether
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Table 2. Frequency of IL28B genotype, KIR3DL1/HLA-Bw4,
and KIR2DL2/HLA-C1 combinations in 56 patients with a
sustained virological response (SVR) and 59 patients with a
non-SVR to pegylated interferon and ribavirin therapy of
chronic hepatitis C.

KIR3DL1/  KIR2DL2/HLA-
HLA-Bw4  C1 SVR

Non-SVR P (Pc)

OR (95% Cl)

++ ++ 5(9%)  7(12%) 061

0.09 (0.01 -
10 (17%) 0.014 (0.12)
0.72)

Other + 1(2%)

KIR3DL1/

IL28B SVR Non-SVR P (Pc) OR (95% Cl)

3.29 (1.47 -
27 (48%) 13 (22%) 0.003 (0.024) 739)

T +e

TGIGG +/+

9(16%) 13 (22%) 0.42

IL28B SVR Non-SVR P (Pc) OR (95% Cl)

0.000062
(0.0005)

4.81(2.19-

T Other 38 (68%) 18 (31%)

TGIGG Other 12 (21%) 24 (41%) 0.026 (0.21)

Data are expressed as n (%).
doi: 10.1371/journal.pone.0083381.t002

particular HLA-Bw or HLA-C alleles were beneficial to
treatment outcome. The HLA-B*35:01 allele was more
frequently found in patients with an SVR than in those without
(13% [15/102] vs. 4% [5/118]; P = 0.014 [Pc = 0.36]; OR =
3.49, 95% Cl = 1.23 - 9.97).

The distribution of KIR genes and their association with
treatment outcome are shown in Figure 2. No statistically
significant differences were found for any allele combination
apart from KIR2DL2 and KIR2DS2; patients with these genes
had significantly decreased SVR frequencies compared with
those without (P = 0.015 [Pc = 0.48]; OR = 0.30, 95% Cl = 0.11
- 0.82 and P = 0.025 [Pc = 0.8]; OR = 0.32, 95% Cl = 0.12 -
0.90, respectively).

KIR genotype profiles were determined by the presence or
absence of each KIR locus in patients (Figure 3). Since strong
linkage disequilibrium is a prominent feature in the KIR region,
KIR gene profiles were classified based on Cen and Tel motifs.
When we evaluated SVR according to genotype and Cen and
Tel frequencies, we observed that virologic clearance with Cen-
A/A was significantly higher than that without (54% [50/92] vs.
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Figure 1. Frequency of HLA-Bw and -C alleles in 56 patients with a sustained virological response (SVR) and 59 patients
with a non-SVR to pegylated interferon and ribavirin therapy of chronic hepatitis C.
doi: 10.1371/journal.pone.0083381.g001

(%)
100 -
80 -
60 -
BSVR
40 o . o CINon-SVR
20 -
0 - L
NDY D x DO N T DN DD D NN N
S O QR PR TR RS
BB DSOS B P S
FEEEFEFEEFEEEFEEFEEEE

Figure 2. Frequency of each KIR gene in 56 patients with a sustained virological response (SVR) and 59 patients with a
non-SVR to pegylated interferon and ribavirin therapy of chronic hepatitis C.
doi: 10.137 1/journal.pone.0083381.g002
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26% [6/23], P = 0.015; OR = 3.37, 95% Cl = 1.22 - 9.33). There
were no significant differences regarding AA genotype and Tel.

We next analyzed combinations of activation/inhibitory KIRs
and their HLA ligands for possible associations with an SVR.
Among the combinations of KIR3DL71-HLA-Bw4, KIR2DL2-
HLA-C1, and KIR2DL1-HLA-C2, patients who carried the
inhibitory KIR3DL1 receptor and its ligand HLA-Bw4 had a
significantly higher response rate than those without KIR3DL1
or HLA-Bw4 (58% [36/62] vs. 38% [20/53]; P = 0.030 [Pc =
0.12]; OR = 2.29, 95% CI = 1.08 - 4.84). In contrast, the
KIR2DL2-HLA-C1 combination resulted in a significantly lower
SVR rate (26% [6/23] vs. 54% [50/92]; P = 0.015 [Pc = 0.06];
OR = 0.30, 95% CI = 0.11 - 0.82). Although several studies
have found that KIR2DL3-HLA-C1 carriers are associated with
treatment-induced and spontaneous clearance of HCV in
Caucasians, no such association was found in our cohort (data
not shown).

Patients with KIR3DL1-HLA-Bw4 but without KIR2DL2-HLA-
C1 had a higher SVR rate (55% [31/56] vs. 32% [19/59]; P =
0.012 [Pc = 0.1]; OR = 2.61, 95% Cl = 1.22 - 5.58) (Table 2).
Conversely, the frequency of the KIR2DL2-HLA-C1 positive,
but KIR3DL1-HLA-Bw4 negative condition was significantly
higher in non-responders (17% [10/59] vs. 2% [1/56]; P = 0.014
[Pc=0.12}; OR = 0.09, 95% Cl = 0.01 - 0.72).

Prediction of a Sustained Virological Response by KIR-
HLA and 1L28B

Examination of the /L28B rs8099917 SNP in our cohort
revealed significant differences in SVR frequencies. The SVR
rate in patients with the /L28B TT genotype was significantly
higher in those with TG or GG genotypes (62% [44/71] vs. 27%

[12/44), P = 0.0003; OR = 4.35, 95% CI = 1.92 - 9.85). In

subjects with /L28B TT and KIR3DL1-HLABw4, virologic
clearance was significantly increased over other combinations
(68% [27/40] vs. 39% [29/75]; P = 0.003 [Pc = 0.024]; OR 3.29,
95% Cl = 1.47 - 7.39).

We next evaluated several factors found in association with
an SVR to PEG-IFN and ribavirin therapy for independence by
logistic regression analysis. Fifty-six responders were
compared with 59 non-responders by means of a forward
stepwise likelihood ratio logistic regression method; estimated
OR coefficients, 95% Cl, and P values are summarized in
Table 3 for the variables that remained in equation at the last
step. IL28B TT genotype (P = 0.00009; OR = 6.87, 95% Cl =
2.62 - 18.01), KIR2DL2-HLA-C1 (P = 0.014; OR = 0.24, 95% CI
= 0.08 - 0.75), white blood cell count =z 4410/uL (P = 0.009; OR
= 3.32, 95% Cl= 1.35 - 8.16), and KIR3DL1-HLA-Bw4 (P =
0.008; OR = 3.32, 95% CI = 1.37 - 8.05) were all identified as
independent parameters that significantly influenced an SVR.

The frequency of the IL28B TT genotype with KIRSDL1-HLA-
Bw4 in responders was significantly higher than in non-
responders (48% [27/56] vs. 22% [13/59]; P = 0.003 [Pc =
0.024]; OR = 3.29, 95% CIl = 1.47 - 7.39) (Table 2). Patients
with the /L28B TT genotype without KIR2DL2-HLA-C1 had a
significantly higher SVR rate (68% [38/56] vs. 31% [18/59]; P =
0.000062 [Pc = 0.0005]; OR = 4.81, 95% Cl = 2.19 - 10.58).
The frequency of a non-SVR was significantly higher in patients
with the IL28B non-TT genotype both with and without

PLOS ONE | www.plosone.org

KIR, HLA, and IL28B Variant in CH-C

KR {Gens | Csn
profle | type | most

2 B | oam W9

038 | 6138

aga | o264

B4 T

g | 208

18 204

wio0 | 345m

1m | e

REESR IR T1)

1018y | 20

oiem | 1an

bEE | o1py

Figure 3. KIR gene profile frequencies in 56 patients with a
sustained virological response (SVR) and 59 patients with
a non-SVR to pegylated interferon and ribavirin therapy of
chronic hepatitis C. Numerical data represent the number of
individuals (%). The presence of KIR genes is indicated by gray
shading. Cen, centromeric; Tel, telomeric.

doi: 10.1371/journal.pone.0083381.g003

Table 3. Logistic regression analysis of variables
contributing to a sustained virological response to pegylated
interferon and ribavirin.

1.37 - 8.05 0.008
Only variables achieving statistical significance (P < 0.05) in multivariate logistic

KIR3DL1/HLA-Bw4 3.32

regression analysis are shown.
doi: 10.1371/journal.pone.0083381.t003

KIR2DL2-HLA-C1 (14% [8/59] vs. 0% [0/8}; P = 0.013 [Pc =
0.1] and 41% [24/59] vs. 21% [12/56]; P = 0.026 [Pc = 0.21];
OR = 0.40, 95% Cl = 0.17 - 0.91, respectively). The ability to
predict an SVR by /L28B genotype and KIR3DL1-HLA-Bw4
and KIR2DL2-HLA-C1 was next evaluated. Corresponding
values for sensitivity, specificity, PPV, and NPV are listed in
Table S1 in File S1. A combination of the IL28B TT genotype
and KIR3DL1-HLA-Bw4 demonstrated high predictive
specificity (78%), as did the combination of /L28B TT genotype
and KIR2DL2-HLA-C1 (86%).

Lastly, we analyzed combinations of the three factors of
IL28B genotype, KIR3DL1-HLA-Bw4, and KIR2DL2-HLA-C1 for
prediction of treatment outcome (Table S2 in File S1). The
frequencies of IL28B TT, KIR2DL2-HLA-C1-negative, with and
without KIR3DL1-HLA-Bw4 were significantly higher among
responders (38% [21/56] vs. 19% [11/59]; P = 0.024 [Pc =
0.29]; OR = 2.62, 95% Cl = 1.12 - 6.12 and 30% [17/56] vs.
12% [7/59]; P = 0.015 [Pc = 0.18]; OR = 3.24, 95% Cl = 1.22 -
8.57, respectively).
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Discussion

The present study examined HLA, KIR, and /L28B gene
variant associations with an SVR following PEG-IFN and
ribavirin therapy in Japanese patients with chronic hepatitis C.
We found a significant association of HLA-Bw alleles with
treatment outcome, although the frequency of HLA-C alleles
did not differ significantly between responders and non-
responders. Functional analyses have demonstrated that NK
cells in HLA-C1C1 subjects exhibit a more rapid and stronger
antiviral response that those in HLA-C2C2 subjects due to
differing responses of HLA-C-inhibited NK subsets[33]. HLA-
C2C2 homozygousity is strongly associated with treatment
failure in HCV patients of European ancestry [11,22], but we
could not assess its role in our study because this genotype
was found in only 1 of 115 patients.

We uncovered a significant association between the
presence of KIR2DL2 or KIR2DS2 and lower SVR rates.
Several reports have shown that KIR2DL3-HLAC1 in
Caucasians [11,22] and KIR2DL5 in Brazilians [34] are
associated with treatment outcome of antiviral therapy. Since
our results showed no such statistical significances, these
conflicting interpretations may reflect differences in patient
selection, genetic background, sample size, and/or treatment
regimen. Further studies are required to clarify this discrepancy
in the Japanese population.

A study by Dring et al. examined K/R haplotypes in patients
with  HCV infection and showed that a centromeric KIR
haplotype was increased in chronic HCV infection as compared
with resolved cases [20]. We therefore determined KIR
haplotypes and Cen-A/B and Tel-A/B in our patients as well,
and found an interesting association between Cen-A/A and an
SVR to antiviral therapy (P = 0.015; OR 3.37). Since Cen-A/B
is determined by KIR2DL3 and KIR2DS2 and/or KIR2DL2, this
finding is consistent with our results demonstrating a
relationship between KIR2DS2 and KIR2DL2 genotypes and
treatment failure.

The most significant finding in this study was the association
between KIR-HLA receptor-ligand pairings and treatment
outcome in chronic hepatitis C. Among the inhibitory KIR-HLA
receptor-ligand  pairs, patients with KIR3DL17-HLA-Bw4
exhibited a significantly higher SVR rate when compared to
those without this pair (P = 0.03; OR 2.29). Conversely,
virologic clearance in patients with KIR2DL2-HLA-C1 was
significantly lower than in those without (P = 0.015; OR = 0.30).
Stratification analysis of the 4 groups of KIR3DL1-HLA-Bw4
(presence or absence) and KIR2DL2-HLA-C1 (presence or
absence) revealed a higher frequency of responders with
KIR3DL1-HLA-Bw4 presence, KIR2DL2-HLA-C1 absence
compared with those possessing KIR2DL2-HLA-C1 presence,
KIR3DL1-HLA-Bw4 absence (62% vs. 9%; P = 0.0044; OR
=16.32). When these KIR-HLA pairs were both either positive
or negative, SVR rates were similar at 42% and 45%,
respectively. Together with the results of logistic regression
analysis, we clearly showed that KIR3DL1-HLA-Bw4 was
positively associated with an SVR (OR = 3.32) and that
KIR2DL2-HLA-C1 had a negative association (OR = 0.24) with
treatment outcome. As almost one half of the Japanese
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population  have the  functional  KIR3DL1-HLA-Bw4
combination, this inhibitory receptor-ligand interaction is
potentially important in understanding NK cell diversification.
The NK-cell surface expression of KIR3DL1 is higher in
individuals having Bw4 than in those lacking it [35]. Therefore,
these cells might be more weakly controlled by inhibitory
signals than other NK cells, more easily activated by viral
infection, and more readily promoted for cytolysis and IFN-
gamma production.

This study confirmed that the IL28B TT genotype is a strong
predictor of an SVR in Japanese patients[18,32]. Furthermore,
SVR frequencies were positively correlated with a combination
of the IL28B TT genotype and KIR3DL1-HLA-Bw4 (P = 0.0019)
and negatively associated with the /L28B TT genotype and
KIR2DL2-HLA-C1 (P = 0.0067). These combinations were also
highly specific for virologic response prediction. In light of these
findings, patients with poor expected treatment outcome may
be advised to wait for the use of combinations of direct acting
antiviral agents[36]. Akuta et al. reported that a combination of
amino acid substitutions in the core region of HCV and /L28B
genotype was a useful predictor of PEG-IFN, ribavirin, and
telaprevir therapy results in Japan[37]. Since we could not
collect sera before treatment for all patients, we were not able
to assess the effect of amino acid substitutions in the HCV core
region. Furthermore, interferon-free combinations of direct-
acting antiviral agents have become an area of considerable
clinical interest. Chu et al. have reported that IL28B genotype
appears to affect early viral kinetics in patients with chronic
hepatitis C receiving interferon-free treatment [38]. Recently,
two groups have discovered IFN lambda 4 (IFNL4), a new
gene that may account for associations of spontaneous and
{FN-based treatment clearance of HCV [39,40]. The IFN-A 4
protein is generated by individuals who carry the AG allele of
the ss469415590 variant, and the presence of this protein is
strongly associated with impaired clearance of HCV. Linkage
disequilibrium is strong between the IFNL4-AG allele and the
unfavorable rs12979860-T allele (/L28B) in subjects of
European or Asian ancestry, whereas this linkage
disequilibrium is moderate in individuals of African ancestry
[39]. We have confirmed that the linkage disequilibrium
between the IFNL4-AG allele and /L28B SNP (rs8099917) is
high and that the IFNL4-AG allele is strongly associated with
treatment failure of PEG-IFN and ribavirin therapy in patients
with Japanese chronic hepatitis C [41]. Hence, the clinical
impacts of HLA-KIR genetic variants, IL28B genotype, and the
IFNL4 allele should be explored.

In conclusion, the present study showed significant
associations of KIR3DL1-HLA-Bw4, KIR2DL2-HLA-C1, and
IL28B combinations with an SVR to PEG-IFN and ribavirin
therapy in Japanese patients with genotype 1 HCV. The clinical
significance of /L28B genotyping combined with HLA/KIR pairs
to predict treatment outcome warrants further validation for
triple therapy.

Supporting Information

File S1. Table 81, Sensitivity, specificity, and predictive
values of IL28B TT genotype and KIR3DL1/HLA-Bw4 or
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KIR2DL2/HLA-C1 for a sustained virological response in
115 patients with chronic hepatitis C. Data are expressed as
% (n). PPV, positive predictive value; NPV, negative predictive
value. Table 82, Frequency of IL28B genotype and KIR3DL1/
HLA-Bw4 and KIR2DL2/HLA-C1 combinations in 56 patients
with a sustained virological response (SVR) and 59 patients
with a non-SVR to pegylated interferon and ribavirin therapy of
chronic hepatitis C. Data are expressed as n (%).
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The Bcl-2 Homology Domain 3 (BH3)-only Proteins Bim and
Bid Are Functionally Active and Restrained by Anti-apoptotic
Bcl-2 Family Proteins in Healthy Liver™
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Background: A fine balance between the anti- and pro-apoptotic multidomain Bcl-2 family proteins controls hepatocyte

apoptosis in the healthy liver.

Results: Disruption of the BH3-only proteins Bim and Bid prevents spontaneous hepatocyte apoptosis in the absence of

anti-apoptotic Bcl-2 family proteins.

Conclusion: Hepatocyte integrity is maintained by the well orchestrated Bcl-2 network.
Significance: We demonstrated the novel involvement of BH3-only proteins in the healthy Bcl-2 network of the liver.

An intrinsic pathway of apoptosis is regulated by the B-cell
lymphoma-2 (Bcl-2) family proteins, We previously reported
that a fine rheostatic balance between the anti- and pro-apo-
ptotic multidomain Bcl-2 family proteins controls hepatocyte
apoptosis in the healthy liver. The Bcl-2 homology domain 3
(BH3)-only proteins set this rheostatic balance toward apopto-
sis upon activation in the diseased liver. However, their involve-
ment in healthy Bcl-2 rheostasis remains unknown. In the pres-
ent study, we focused on two BH3-only proteins, Bim and Bid,
and we clarified the Bcl-2 network that governs hepatocyte life
and death in the healthy liver. We generated hepatocyte-specific
Bcl-xL- or Mcl-1-knock-out mice, with or without disrupting
Bim and/or Bid, and we examined hepatocyte apoptosis under
physiological conditions. We also examined the effect of both
Bid and Bim disruption on the hepatocyte apoptosis caused by
the inhibition of Bcl-xL and Mcl-1. Spontaneous hepatocyte
apoptosis in Bcl-xL- or Mcl-1-knock-out mice was significantly
ameliorated by Bim deletion. The disruption of both Bim and
Bid completely prevented hepatocyte apoptosis in Bcl-xL-
knock-out mice and weakened massive hepatocyte apoptosis via
the additional in vivo knockdown of mcl-1 in these mice. Finally,
the hepatocyte apoptosis caused by ABT-737, which is a Bcl-xL/
Bcl-2/Bcl-w inhibitor, was completely prevented in Bim/Bid
double knock-out mice. The BH3-only proteins Bim and Bid are
functionally active but are restrained by the anti-apoptotic Bcl-2
family proteins under physiological conditions. Hepatocyte
integrity is maintained by the dynamic and well orchestrated
Bci-2 network in the healthy liver.

Apoptosis via the intrinsic pathway, which is known as the
mitochondrial pathway, is regulated by Bcl-2 family members.
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These members are divided into two groups as follows: core
Bcl-2 family proteins, which possess three or four Bcl-2 homol-
ogy domains (BH1-BH4)? and the Bcl-2 homology domain 3
(BH3)-only proteins (1). The former, which are multidomain
proteins, are subdivided into pro- and anti-apoptotic proteins.
Pro-apoptotic core Bcl-2 family members, such as Bax and Bak,
serve as effector molecules of this apoptotic machinery. Upon
activation, these members can form pores to permeabilize the
mitochondrial outer membrane. Apoptogenic factors, such as
cytochrome ¢, can then be released through this membrane into
the cytosol, leading to the activation of the caspase cascade and
to cellular demise (2). Anti-apoptotic core Bcl-2 family mem-
bers, including Bcl-2, Bcl-xL, Mcl-1, Bcl-w, and Bfl-1/A1,
inhibit the intrinsic pathway of apoptosis by either directly or
indirectly antagonizing Bak/Bax activity (3-5). In the original
rheostasis model, cellular life and death are regulated by a bal-
ance between these anti- and pro-apoptotic core Bcl-2 family
proteins (6). We previously reported that the hepatocyte-spe-
cific deletion of the bcl-x gene resulted in spontaneous hepato-
cyte apoptosis, and this effect could be completely prevented by
the additional deletion of the bak and bax genes (7). These
findings elucidated the importance of the rheostatic balance of
the core Bcl-2 family proteins in controlling hepatocyte apo-
ptosis in the healthy liver.

The BH3-only proteins, which include at least eight mem-
bers, are considered to function as pro-apoptotic sensors, and
these proteins set this rheostatic balance toward apoptosis
upon activation by a variety of apoptotic stimuli (8, 9). It has
been reported that hepatocyte apoptosis through the activation
of these BH3-only proteins is involved in the pathophysiology
of various liver diseases (10-12). Alternatively, we previously
reported that the slight activation of Bid, which can trigger he-
patocyte apoptosis, occurs even in the healthy liver and that the
inactivation of Bid partially ameliorated spontaneous hepato-

2 The abbreviations used are: BH1-BH4, Bcl-2 homology domains 1-4; SCID,
severe combined immune deficiency; ALT, alanine aminotransferase.
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cyte apoptosis in Bel-xL- or Mcl-1-knock-out mice (7, 13). In
the present study, we focused on another BH3-only protein,
Bim, which promotes hepatocyte apoptosis upon activation by
free fatty acids or by reactive oxygen species in pathological
settings, and we further clarified the orchestration of the Bcl-2
network, which governs hepatocyte life and death in the phys-
iological state (10, 11, 14, 15). We found that the disruption of
Bim ameliorated hepatocyte apoptosis in Bcl-xL- or Mcl-1-
knock-out mice, indicating the involvement of Bim in this he-
patocyte apoptosis machinery in the healthy liver as well as that
of Bid. Additionally, the deletion of both Bim and Bid prevented
the massive hepatocyte apoptosis caused by the inhibition of
both Bcl-xL and Mcl-1, suggesting that Bim and Bid are func-
tionally active in the healthy liver and are essential regulators
for promoting the intrinsic pathway of apoptosis in hepatocytes
in the absence of anti-apoptotic Bcl-2 family proteins. Our
present study unveiled the fine and dynamic Bcl-2 networks,
the orchestration of which determines hepatocyte life and
death in the healthy liver.

EXPERIMENTAL PROCEDURES

Mice—Mice carrying a bcl-x gene with two loxP sequences at
the promoter region and a second intron (bel-x"*%) mice
carrying an mcl-1 gene encoding amino acids 1-179 flanked by
two loxP sequences, and heterozygous alb-cre transgenic mice
expressing the Cre recombinase gene under regulation of
the albumin gene promoter have been described previously
(16 -18). Hepatocyte-specific Bcl-xL-knock-out mice (bcl-
w1 oxqh-cre) (17), hepatocyte-specific Mcl-1-knock-out
mice (bel-#"P%glb-cre) (13), systemic Bid-knock-out mice
(bid™'™) (12), and Bcl-xL/Bid double knock-out mice (bid ™'~ bcl-
K1o*Mo%y1b-cre) (7) have also been described previously. We
purchased C57BL/6] mice from Charles River (Osaka, Japan),
systemic Bim-knock-out mice (bim~' ") from the Jackson Lab-
oratory (Bar Harbor, ME), and NOD/ShiJic-scid Jcl mice from
Clea Japan Inc. (Osaka, Japan). We generated Bel-xL/Bim dou-
ble knock-out mice (bim ™'~ bel-x"*"%glb-cre), Mcl-1/Bim
double knock-out mice (bim ™' mcl-F*"%glb-cre), Bel-xL/
Bim/Bid triple knock-out mice (bim ™/~ bid ™'~ bcl-"*""**alb-
cre), and Bim/Bid double knock-out mice (bim ™'~ bid~'~) by
mating the strains. We generated mice with a hepatocyte-
specific deletion of Mcl-1 and homozygote severe combined
immune deficiency (SCID) mutations (17icl- PP pridc**“ gib-
cre) by mating hepatocyte-specific Mcl-1-knock-out mice (bcl-
K% 1h-cre) and NOD/Shific-scid Jel mice. Genotyping of
prkdc® gene mutation was performed by the PCR-confront-
ing two-pair primer (PCR-CTPP) method reported previously
(19). The mice were maintained in a specific pathogen-free
facility and were afforded humane care under approval from
the Animal Care and Use Committee of Osaka University Med-
ical School.

Histological Analyses—Liver sections were stained with
hematoxylin and eosin (H&E). To detect apoptotic cells, the
liver sections were also subjected to staining by terminal de-
oxynucleotidyltransferase-mediated deoxyuridine triphos-
phate nick-end labeling (TUNEL) according to a procedure
reported previously (20). For immunohistochemical detection
of cleaved caspase-3, the liver sections were incubated with the
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polyclonal rabbit anti-cleaved caspase-3 antibody (Cell Signal-
ing Technology, Beverly, MA) according to a procedure
reported previously (20).

Caspase-3/7 Activity—Serum caspase-3/7 activity was meas-
ured by a luminescent substrate assay for caspase-3 and
caspase-7 (Caspase-Glo assay, Promega) according to the man-
ufacturer’s protocol.

Western Blot Analysis—Liver tissue was lysed in lysis buffer
(1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1X
protein inhibitor mixture (Nacalai tesque, Kyoto, Japan), 1X
phosphatase inhibitor mixture (Nacalai tesque), and phos-
phate-buffered saline, pH 7.4). The liver lysates were cleared by
centrifugation at 10,000 X g for 15 min at 4 °C. The protein
concentrations were determined using a bicinchoninic acid
protein assay kit (Pierce). The protein lysates were electropho-
retically separated with SDS-polyacrylamide gels and were
transferred onto a polyvinylidene fluoride membrane. For
immunodetection, the following antibodies were used: a rabbit
polyclonal antibody to Bel-xL (Santa Cruz Biotechnology, Inc.),
arabbit polyclonal antibody to Bid, a rabbit polyclonal antibody
to Bax, a rabbit polyclonal antibody-to cleaved caspase-3, a rab-
bit polyclonal antibody to cleaved caspase-7, a rabbit polyclonal
antibody to Puma (Cell Signaling Technology, Beverly, MA), a
rabbit monoclonal antibody to Bad, a rabbit polyclonal anti-
body to Noxa (Abcam, Cambridge, MA), a rabbit polyclonal
antibody to Bak (Millipore, Billerica, MA), a rabbit poly-
clonal antibody to Bim (Enzo Life Sciences Inc., Farm-
ingdale, NY), a rabbit polyclonal antibody to Mcl-1 (Rock-
land, Gilbertsville, PA), and a mouse monoclonal antibody to
B-actin (Sigma-Aldrich).

Real-time Reverse Transcription Polymerase Chain Reaction
(Real-time RT-PCR) for mRNA-—Total RNA was extracted
from liver tissues using an RNeasy minikit (Qiagen, Valencia,
CA), was reverse-transcribed, and was subjected to real-time
RT-PCR as described previously (21). The mRNA expression of
specific genes was quantified using TagMan gene expression
assays (Applied Biosystems, Foster City, CA) as follows: murine
bel2l11 (assay ID: Mm00437796_m1), murine fas (assay ID:
MmO01204974_m1), murine bik (assay ID: Mm00476123_
ml), murine hrk (assay ID: Mm01208086_m1), murine bmf
(assay ID: Mm00506773_m1), and murine actb (assay ID:
Mm02619580_gl or MmO00607939_s). The transcript levels
are presented as -fold inductions.

SiRNA-mediated in Vivo Knockdown—The hepatocyte-
specific Bcl-xL-knock-out mice (bcl-#"*7*alb-cre) and the
Bcl-xL/Bim/Bid triple knock-out mice (bim ™'~ bid~'"bcl-
Ko % g1 cre) were injected with 5 mg/kg in vivo grade
siRNA against mcl-1 (MSS275671_eON), which was mixed
with Invivofectamine (Invitrogen), via the tail vein according
to the manufacturer’s protocol. The mice were sacrificed and
examined as indicated by the time courses. The Stealth RNAi
negative control with low GC content (Invitrogen) was used
as the control.

In Vivo ABT-737 Experiment—ABT-737 was dissolved in a
mixture of 30% propylene glycol, 5% Tween 80, and 65% D5W
(5% dextrose in water) with pH 4 -5. ABT-737 (100 mg/kg) was
intraperitoneally administered to the Bim/Bid double knock-
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out mice (bim~™'"hid”’7) or to the Bid-knock-out mice
(bid~'™). The mice were sacrificed and examined 6 h later.

Statistical Analysis— All of the data are expressed as means =
S.D. unless otherwise indicated. Statistical analyses were per-
formed using an unpaired Student’s £ test or a one-way analysis
of variance unless otherwise indicated. When the analyses of
variance were applied, the differences in the mean values
among the groups were examined by Scheffe’s post hoc correc-
tion unless otherwise indicated. p < 0.05 was considered statis-
tically significant.

RESULTS

The Disruption of Bim Alleviated Spontaneous Hepatocyte
Apoptosis in Hepatocyte-specific Bel-xL-knock-out Mice—To
investigate the involvement of the BH3-only protein Bim in the
hepatocyte apoptosis caused by Bcl-xL deficiency, hepatocyte-
specific Bcl-xL-knock-out mice (bcl-#""alb-cre) were mated
with systemic Bim-knock-out mice (bim~'"). Offspring from
the mating of bim™*’'~ bel-""alb-cre mice and bim™'~ bel-™"
mice were examined at 6 weeks of age. A Western blot study
confirmed the disappearance of both Bel-xL and Bim protein
expression in the liver tissue of the double knock-out mice
(bim™'~ bel-""alb-cre) (Fig. 1A). In agreement with our previ-
ous report (7, 17), H&E staining of the liver sections showed an
increase in the number of hepatocytes, with chromatin conden-
sation and cytosolic shrinkage in the liver lobules of the Bcl-xL-
knock-out mice (Fig. 1B). The staining also showed a significant
increase in TUNEL-positive cells and cleaved caspase-3-posi-
tive cells in the liver (Fig. 1, B—-D). Consistent with these histo-
logical observations, the levels of serum caspase-3/7 activity
and serum alanine aminotransferase (ALT), which can be used
as indicators of hepatocyte apoptosis (22, 23), were significantly
higher in the Bcl-xL-knock-out mice than in their wild-type
littermates (Fig. 1, E and F). Additionally, cleaved caspse-3 and
-7 were detected in the livers of the Bcl-xL-knock-out mice by
Western blotting (Fig. 1A). All of these findings indicated spon-
taneous hepatocyte apoptosis in these mice. Bim-knock-out
mice did not show any phenotypes in the liver under physiolog-
ical conditions (Fig. 1, B—-F). Alternatively, the disruption of
Bim significantly improved all of the parameters that are indic-
ative of hepatocyte apoptosis in Bcl-xL-knock-out mice, includ-
ing the TUNEL-positive cell counts, cleaved caspase-3-positive
cell counts, serum ALT levels, and serum caspase-3/7 activity
(Fig. 1, B—F). These findings clearly demonstrated that Bim was
involved in the hepatocyte apoptosis caused by Bcl-xL disrup-
tion. It should be noted that the gene and protein expression
levels of Bim were not different between the Bcl-xL-knock-out
mice and their wild-type littermates (Fig. 1, A and G), indicating
that the Bim expression levels observed in the healthy liver
could induce hepatocyte apoptosis in the absence of the Bcl-2
family proteins.

The Disruption of Bim Alleviated Spontaneous Hepatocyte
Apoptosis in Hepatocyte-specific Mcl-1-knock-out Mice—Of
the five members of the anti-apoptotic Bcl-2 family proteins, we
previously reported that Mcl-1 and Bcl-xL played a pivotal anti-
apoptotic role in maintaining hepatocyte integrity in the
healthy liver (13). We thus examined the role of Bim in the
hepatocyte apoptosis caused by Mcl-1 deficiency. We gener-
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ated Mcl-1/Bim double knock-out mice (bim ™'~ mcl- V" alb-
cre) by mating the hepatocyte-specific Mcl-1-knock-out mice
(mcl-"""alb-cre) with the systemic Bim-knock-out mice
{(bim™'7). A Western blot study confirmed the disappearance
of both Mcl-1 and Bim protein expression in the liver tissue of
the double knock-out mice (bim ™'~ mcl- V" alb-cre) (Fig. 24).
Consistent with our previous report (13), hepatocyte-specific
Mcl-1-knock-out mice showed apoptosis phenotypes very sim-
ilar to those of the Bcl-xL-knock-out mice, as assessed by
TUNEL staining (Fig. 2, B and C), cleaved caspase-3 staining
(Fig. 2, Band D), serum caspase-3/7 activity (Fig. 2E), and serum
ALT levels (Fig. 2F). In contrast, Mcl-1/Bim double knock-out
mice showed significant improvement in these parameters (Fig.
2, B-F), indicating that Bim is also involved in the hepatocyte
apoptosis induced by the disruption of Mcl-1.

The Disruption of Bim and Bid Prevented Spontaneous Hepato-
cyte Apoptosis in Hepatocyte-specific Bcl-xL-knock-out Mice—
We previously reported that a small amount of Bid, which is
another BH3-only protein, was constitutively active and was
involved in the spontaneous hepatocyte apoptosis in Bel-xL- or
Mcl-1-knock-out mice (7, 13). We thus examined whether
these BH3-only proteins redundantly or cooperatively pro-
moted hepatocyte apoptosis in the absence of Bcl-xL. To this
end, Bim/Bid/Bcl-xL triple knock-out mice (bim ™'~ bid ™'~ bcl-
#"Palb-cre) were generated by mating the Bim/Bcl-xL double
knock-out mice (bim ™'~ bel-#*"alb-cre) with the Bid/Bcl-xL
double knock-out mice (bid~'~bcl-¥""alb-cre). The offspring
from the mating of bim ™'~ bid—/—bcl-*""alb-cre mice with
bim™' " bid ™'~ bel-™" mice were examined at 6 weeks of age. A
Western blot study confirmed that Bcl-xL, Bid, and Bim protein
expression disappeared from the liver tissue of the triple knock-
out mice (bim ™'~ bid~'~ bcl-x""alb-cre) (Fig. 3A). Liver sec-
tions of the Bim/Bid/Bcl-xL triple knock-out mice were histo-
logically normal compared with those of the Bid/Bcl-xL double
knock-out mice (bim™' " bid™' " bcl-x""alb-cre), which still
contained some hepatocytes with apoptotic morphologies (Fig.
3B). Both the number of TUNEL-positive cells and the serum
caspase-3/7 activity in the triple knock-out mice were significantly
lower than those in the Bid/Bcl-xL double knock-out mice and did
not differ from their control Bid-knock-out or Bim/Bid double
knock-out littermates (Fig. 3, B-D). Moreover, in contrast to the
mild elevation of serum ALT levels in the Bid/Bcl-xL double
knock-out mice, the levels in the triple knock-out mice were com-
pletely normal (Fig. 3E). These findings demonstrated that hepa-
tocyte apoptosis in the absence of Bcl-xL was completely depend-
ent on these two BH3-only proteins.

Bim and Bid Are Essential Regulators for the Promotion of the
Intrinsic Pathway of Apoptosis in Hepatocytes in the Absence of
Anti-apoptotic Bcl-2 Family Proteins—We then attempted to
further examine the involvement of Bim and Bid in hepatocyte
apoptosis in the absence of both Bcl-xL and Mcl-1, which are
two major anti-apoptotic proteins in the liver. Because, as we
reported (13), the hepatocyte-specific Bel-xL and Mcl-1 double
knock-out mice died within 1 day after birth due to impaired
liver development, we performed an siRNA-mediated in vivo
knockdown of mcl-1 in the Bcl-xL-knock-out mice and in the
Bim/Bid/Bcl-xL triple knock-out mice. mcl-1 siRNA adminis-
tration efficiently reduced Mcl-1 protein expression in the liver
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FIGURE 1. The disruption of Bim alleviated spontaneous hepatocyte apoptosis in the absence of Bcl-xL. A-F, the offspring from the mating of bim+bcl-
xfexfoxglb-cre mice with bim=*bcl-x"f1°% mice were examined at 6 weeks of age. Bcl-xL*/* and Bcl-xL ™™, bcl-x"0/1°% and bcl-x"2°%ajb-cre, respectively. A,
Western blot analysis of whole liver lysates for the expression of Bimg,, Bid, Bcl-xL, Mcl-1, Bak, Bax, Noxa, Bad, Puma, cleaved caspase-3, cleaved caspase-7, and
B-actin. B, representative images for liver histology stained with hematoxylin-eosin (HE), TUNEL, and cleaved caspase-3 (original magnifications, X100 (large
panels) and X400 (insets)); black arrows indicate apoptotic bodies. C, TUNEL-positive cell ratio; n = 8 mice/group; *, p < 0.05 versus all. D, cleaved caspase-3-
positive cell ratio; n = 3 mice/group; ¥, p < 0.05 versus all. £, serum caspase-3/7 activity; n = 11 miceégroup; * p < 0.05 versus all. F, serum ALT fevels; n = 13
mice/group; *, p < 0.05 versus all. G, offspring from the mating of bcl-x""**alb-cre mice with bcl-x"°* mice were examined at 6 weeks of age. Bc/-xL*/* and
Bcl-xL™", bcl-xo/fo% and bcl-xoXfoxalb-cre, respectively. bim mRNA levels in the whole liver tissue were determined by real-time RT-PCR; n = 6 mice/group.
Error bars, S.D. RLU, relative light units; [/U, international units.

tissue of both mice (Fig. 44), but it caused severe liver injury  serum bilirubin levels, but not the liver function of the triple
only in the Bcl-xL-knock-out mice (Fig. 4B) when assessed by  knock-out mice (Fig. 4F). These findings demonstrated that the
the H&E staining of liver sections. Notably, mci-1 siRNA massive hepatocyte apoptosis and liver failure caused by
administration caused massive hepatocyte apoptosis in the Bcl-  decreases in these anti-apoptotic Bcl-2 family proteins were
xL-knock-out mice, but this apoptosis was weakened in the dependent on Bid and Bim.

Bim/Bid/Bcl-xL triple knock-out mice, as evidenced by the The Presence of Bim- and Bid-induced Constant BH3 Stress in
TUNEL staining of the liver sections, serum caspase-3/7 activ-  the Healthy Liver Causes Hepatotoxicity with the Use of Anti-
ity, and serum ALT levels (Fig. 4, C—E). In agreement with these  cancer Agents That Target the Awnti-apoptotic Bcl-2 Family
findings, mcl-1 siRNA treatment impaired the liver function of ~ Proteins—Recent advances in cancer therapy have enabled the
the Bcl-xL-knock-out mice, as evidenced by an increase in the  selective targeting of some anti-apoptotic Bel-2 family proteins,
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FIGURE 2. The disruption of Bim alleviated spontaneous hepatocyte apoptosis in the absence of Mcl-1. The offspring from the mating of bim™* ~mcl-
170X glb-cre mice with bim ™/~ mcl-170/% mice were examined at 6 weeks of age. Mcl-1*/* and Mcl-17/~, mcl-17* and mcl- 17 g lb-cre, respectively. A,

Western blot analysis of whole liver lysates for the expression of Bimg, Bid,

Bcl-xL, Mcl-1, Bak, Bax, cleaved caspase-3, cleaved caspse-7, and f-actin. B,

representative images for liver histology stained with hematoxylin-eosin (HE), TUNEL, and cleaved caspase-3 (original magnification, X 100). C, TUNEL-positive
cell ratio; n = 3-6 mice/group; *, p < 0.05 versus all. D, cleaved caspase-3-positive cell ratio; n = 3 mice/group; *, p < 0.05 versus all. £, serum caspase-3/7 activity;
n = 9-15 mice/group; *, p < 0.05 versus all. F, serum ALT levels; n = 9-15 mice/group; *, p < 0.05 versus all. Error bars, S.D. RLU, relative light units; I/U,

international units.

which are often dysregulated in malignant cells. ABT-737,
which is a BH3 mimetic, could inhibit Bel-xL, Bcl-2, and Bcl-w,
and it has induced the regression of solid tumors (23). We
previously reported that high dose ABT-737 administration
caused hepatocyte apoptosis even in a normal liver, which was
partly due to constitutive Bid-mediated BH3 stress (7). This
finding led us to investigate the involvement of Bim and Bid
in this ABT-737-mediated hepatotoxicity. Bim/Bid double
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knock-out mice (bim~'~bid"’'") were generated by mating
Bim knock-out mice (bim~'~) with Bid knock-out mice
(bid~'7), and the offspring were then treated with this drug,
Western blot analysis confirmed the efficient deletion of Bim
and Bid from the liver tissue of the double knock-out mice (Fig.
5A). Upon ABT-737 treatment, the Bim/Bid double knock-out
mice showed complete prevention of ABT-737-induced hepa-
tocyte apoptosis and hepatotoxicity (Fig. 5, B~F), in sharp con-
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